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INTRODUCTION TO ELECTRICAL POWER

We live in a world of electronics. We use E-Mail, lntemet, and micro processor controls

However, our depend ence on EI'ECTRICI IY is much broader than our need for electronc

gadgets. Electricity provides us with a source oflight, heat, coolitg, energy to provide rotary

motion as in electric motorc, and for transportation l do not believe anyone would be willing to

go back to the good old days before electrical energy was available on a broad cornmercial scale.

We are dependert on electricity fot food, clothing sheltet entertainment, and recreation

The agricultural industry uses electricity to provide lighting which allows workers to perform

tasks with improved safety and efficiency. Electric motors drive a variety of equipment and

machines that help the agricultuml industry operate efficiently, providing food and fiber to the

people ofthe United States at the most reasonable prices in the world.

There is an almost endless array ofelectrical applications for the home, farr4 agribusiness and the

recrealional activity we all enjoy.

Electricity is considered to be almost magical by many people, wh;ch promotes a cenain arnount

offear because ofa lack ofkrowledge conceming its use and conlrol. In the early days oi

electrical energy use, many people's fear ofelecticity in general fat exceeded the fear many

people have for nuclear power plants today As instructors, we need to provide the basic

kno\aiedge that \till allow the student to understand the process ofelectrical po\T er distribution

and application, thus reducing the fear ofelectricity, while instilling a healthy respect for

electicity as an enetgy source that can be destructive ifused improperly

lf used improperly, electricity can be dangerous. The power of electrjcity commonly found in our

homes is more than cnough to cause death from electrical shock. Therefore, the safe use of

electricity should be a major portion ofany educational program proposed- lfthe fundamental
principles ofwirilg, installing circuits, and proper fusing are known and ifdangerous situations

are recognized, there is better chance ofnot receiving a shock, causing a fire, or having a problem

that results in the loss ofelecttical service.

when a devic€ as simple as a fuse blows, and we are without electrical service, panic occurs.
How do we handle the problem? How do we go aborjt restoring the elearical syslem to its
operational state? Do we call the electrician, or do we att€mpt to determine the coldition that
caused the fuse to blow and restore the electrical system ol[selves? With a basic understanding
of electrical principles, we can determine \r/hether to make the necessary repaits and correct the
problem or to call a qualified electrician

ln the futu.e we will frnd that there will be an increase in the number ofelectrical power
consuming appiiances and equipment used in the home, on the farm and in the agribusiness
€nvironmeot. There has been an ever increasing need for the use of electrical energy in the
environmental cootrol of plant and aoimal structures. This trend will likely continue into the next
cenlury.



You have a limited amount oftime to help your students understand the practical aspects of

electriciiy. Your major goal should be to motivate the student to seek additional information
leading to a working knowledge of advanced electrical theories and applications. You may also
inflrience a student or two to seek careem in the electrical power area and work in an agnculture
relaied position.

Electricity is Powerful- Under control, electricity safely performs an endless vadety of work.
But uncontrolled, it can be destructive. Electricity canbe controlled ifthe conect t]?es ofwiring
and equipment are installed in the correct manner. It can be dangdrous ifthe wrong types of
wiriag and equipment are r-rsed, or even ifthe right twes ofequipment are imprope.ly installed.
Properly installed wiring and equipment can become dangerous ifnot prope.ly maintained.

Electrical Terms and Facts

For the student to understand the basic concepts ofelectric power, practice winng, circuits, and
safety they will have to know some facts relating to electricity

Common Electrical Terms:

VOLTAGE (E) The volt is a unit of electrical force or pressure- Electricity comes to the
home or farmstead at 120 and 240 volts It may be compared to water
pressute_

AMPERE (n A unit for measuring the mte of curent flow (electron flow) through wires.
It can be compared to the flow ofwater in pipes.

OHM (R) Measure ofthe resistance to current flow through a wire or other current
carrying material

OHM'S LAW A pressure of oie volt (E) will force a cunent (I) of one ampere through
a resistance (R) ofone ohm.

E

R

WATT (P) A unit ofmeasure for electrical power. It is equal to t}le product ofvolts
times the current flowing in amperes One volt multiplied by one ampere is
equal to one watt One kilowatt is equal to 1000 watts.

P=Ex I

KILOWATT A unit to measure quantities ofelectdcal energy. It is equal to a thousand
HOUR watts used for one hour. The average cost ofelearicity in Idaho is about 5

cents per kilowatt-hour.



SWTCH A device for opening and closing an electrical circuit

FUSE A protective device used il an electrical circuit to limit the cunent flow in a
wire- It is the safety valve ofan electrical syste

CIRCUIT A mechanical device that opens the electdcal circuit when the cu'reDt

BBEAKEB flow gets too high, It serves the same purpose as a fuse, except it can be
reset atea the ove.load is removed-

BRANCH The wiriog from the s€rvice entrance box to the electdcal

CIRCUIT equipment and return. It will be protected by a separate fuse or circuit
breaker in the service entrance box

ELECT RICAI- A connection between the oeutral wire of an electrical system
GROUND and the earth.

I{OT WIRE An electrical wire carrying a volrage with respect to ground

CROI'NDED The rclurn wite for a z-wire circuit lt canies current but no voltage with

WIRE respect to groun.l

NEUTRAI The wire in a 3-wire, 120/230 volt system that caries cllnent but no
WIRE voltage with respect to ground. The neutral wire is grounded at the service

entrance box.

GROU\fDING A wire running Fom the frame ofthe equipment to the electical system
WIRE ground.

G.F.C.L Ground Fault Circuit Interrupter. This device will instantly trip the circuit
breaker ifthe equipmcnt has leakag€ current which might give a person a
shock Leakage currents as low as 5 milliamps will trip the breaket.

Electrical Shock:

An electrical shock is felt when an electrical current flows through the body- This happens
whenever part ofthe body is allowed to become part ofan electrical circuit Electrical shock can
be fatal depending on the amount ofcuffent, shock duration, and paih ofthe curent through the
body. The shock hazard is greatest when the cunent is allowed to flow tkough the heart and

chest region The effects on the human body ar€:

Less than I milliamp - no shock sensation

2 to 8 milliamps - sensation ofshock.

10.5 milliamps - average let-go curent for women (cu[ent above
this level will "freeze" victim to the circuit)-



16 milliamps - av€rage let-go current for men.

20 milliamps - breatlung csses duringthe duration ofthe shock,
very painful, loss ofmuscular control.

50 to 100 milliamps - possible ventricular fibdllation-rh,'thmic heart
contmctions cease, pumping action stops. Death
ensues within a few mioutes without defibrillado!
treatment.

Above 250 milliamps - may cause cardiac anest, .espiratory inhibitior!
darnage to the nervous system and serious bums

Both body weight and shock duration affect the magnitude ofthe cunent which will cause
fibrillation. A lesser curent is required for either a lighter person or a longer shock duation-
Fibillation current can be estimated frorr.

l .7xW

"tT

Where: I is the current that will cause fibrillatior! W is the body weight in pounds and T is the
shock duration in seconds.

Current Flow Throueh the Bodyi

Ohm's Law may be used to determine how much current will flow tkough the body ifwe can
estimate the resistance and know the value of the applied voltage. A high voltage and low body
resistance will cause a high curreDt flow. Applying Ohm's Law to a 120 volt shock will result in
the following curreDts:

Bod), Resistance- Ohms Cunent. Milliamos

1,000
2,000
4,000
8,000
1s,000
30,000
60,000

120
60
30
15
8
4
2

The average body resistance for DRY skin will be grater than 15,000 ohms. However, when the
skin is WET the resistance may drop as low as 2,500 ohms.

Damp4g$:

Dampness is an enemy ofelectrical safery Avoid handling live cords, wires, and other "hot" parts



_

:

with wer hands without rubber gloves or olher equivalent proteclion Damp skin and the body

irselfhave very iorv resistance and afford little or no protectioll, while dry skin may have

resistance as high as 60,000 to 100,000 ohms. Therefore, dry skin is the only prolection against

severe shock offe.ed by a person's body. when changing fuses, for exanrple, stand on a dry board

or other insulatioo unless the fuse box is ofthe "dead-fronl" type ot the po\\'er can be turned off

with a switch; a practice advisable in most cases but somelimes dimcult Outside wiring and

extension cords over damp flools or earth may be especizLlly dangerous. Keep oulside wires well

insulatcd fron the earth and at proper height to prevent accidental contact by cars, trucks and

maclunery.

Severe Shock:

Ifa person being shocked has grasped the live parts with his hands, it may be impossible for him

lo release them, though he is conscious. Since all arm muscles are tensed by the current beyond

voluntary control, the person cannot open his hands and escape. If he is helpless, ald the voitage
is not more than 240 volts, drag hinl away lrom the live circuit by hrs (drj, clothing or move the
wire wirh a dry, non-conducting object. Apply artificial respiration and/or CP\ ifnecessary, and
call for a doctor and resuscitator at once

Sone persons can touch a I 15 volt circuit withoul severe shock iftheir hands are dry. These
persons are sometimes tempted to test for a "live circuit" or poss;ble shock with the fingers. This
procedure is not advisable. Iftesting must be done jn tltts manne., instead of using a test lamp or
odrer safe type oftester, it is better to touch with lhe back ofthc hand .ather than the palm. lfa
shock is felt, the natural reaction oflhe muscles vill quicklyjerk the hand away, breaking contact.
Use the fingers ofone hand gdjl so current will not pass through a vital part ofthe body. Any
voltage above 115 volts should be considered vcry dangerous and should be strictly avoided
Persons with certain nervous diso.de.s should not receive a shock at any tir$e

libtillation Trealment.

Ventricular fibrillation is considered the nost dangerous electric shock hazard Once fibrillation
occurs in a person. it rarely stops spontaneously Death ensures within a few minuteg since the
brain begins to die two to four minutes after it is deprived ofits oxygenated blood supply.
Resuscitation techniques must be applied immediately, ifthe victim is to be savec

Tlre usual treatment consists ofprompt release ofthe victim from the circuit and immediate and
continuous application ofanificial respiration, prelerably the mouth-lo-mouth method. Ifthe
rescuer has been trained, artificial respiration should be combined with Cardiopulmonary
Resuscitation (CPR), ifthe heart has slopped funcrioning. I{esuscitalion should be continued until
the trained paramedics have arrived at the scene or the victinl is transpofled to a hospital. Ifthe
victim is being transported to a hospital, the hospital authorities should be notified so that they
may be ready ro apply defibrillation immediately upon arrival. V;ctitns ofaccidental electrical
shock are now being saved by tbese procedures.



Safe Groundinq.

Often a dangerous shock can be obtained from an appliance which appears to be in good

operating condition This is a result of an intemal short in the equiprnent which results in the

fiame ofthe equipment being "hot". Anybody touching such equipment while they are in contact
with an electrical ground may .eceive a fatal shock. Such electrical grounds might be plumbing
firtures, pipes, grounded electrical appliances, or heat ducts.

An additionai conductor running from the electrical system ground to the frame ofthe appliance
will provide a path for cu.rent flow tkough the shorl to the ground. Ifthe circuit is properly
f.rsed, the fuse will blow instantly thus protecting the opetator.

Grounding is accomplished by using a 3-prong grounding plug on pottable appliances that are no1
double insulated. When the appliaflce is plugged into a grounded outlet, no shock hazard will
exist. Of course, no protection is provided when the appliance is plugged into an ungrounded
outlet using an improper adapter

Stationary equipment should be grounded by tunning an additional conductor from the frame of
the equipment to the electdcal system ground.

Outlets in garages, bathrooms, outside the residence and near swimming pools must be protected
by a ground-fault-circuit-inle.rupter (G.F.C.I ) The fault detector can sense a fault cuffent as
low as 5 milliamps and provide excellent shock protection.

A FEW R1JLES FOR ELECTRICAL SAFETY:

1 . Provide proper fuse protection for all circuits Motors require special fuse protection

2. Use 3-prong grounding plugs whenever possibJe.

3. Do not allow electricity to pass through your body.

4 Do not remove an electrical cord byjerking or pulling on the cord. Pullon the plug itself.

5. Do not use worn appliance cords

6. Use heavy duty o.lension cords where needed. Light co.ds are for lights only

7. Do not tum on or work with electrical appliances ifyour hands are wet or while you are
standing in water Wet surfaces are good conductors ofelectricity.

8 Do not try to repair a cord or electrical circuit without disconnecting the power supply
Be sure the line is D&!Q.

9 Ifyou get a shock Aom an appliance, lamp fixture, or switch, something is wrong. Find
the trouble and have it repaired immediately.



10. Keep irrigation pipe and farm machinery away from power lines

I l. Avoid working on hot wires or appliances that aJe connected to an electdcal source.

12. Avoid touching electric wires, switches, drop cords, or appliances while standing in water
or on damp surfaces.

13. Before cutting an electric irire, make certain that it is disconnected from the power
source.

i4 In all phases offarm and home wiring, follow the Nat;onal Elecrical Code.

15. Check the present electrical load on all circuits before adding otber devices to it. Do not
overload the circuitl

16. Check the cause ofa circuit breaker tripping or a fuse blowing before resetting the breaker
or replacing the fuse.

l'/ . Check the cause ofblackened overheated wires. Also, investigate smoking appliances or
overheated electic motors. Electric motors should feel comfortable to the hand after
continued operation.

I8. In purchasing electric appliances and mater;als, insist on quality products.

19. Employ a certified elecirician for all major ]ririrg jobs; at least until you have obtained
wiring experience.

LhIDERSTAND AND KNOW WHAT TO DO FOR A PERSON THAT IIAS RECEIVED AN
ELECTRIC SHOCK:

Do no1 act on impulse, ifyou are electrocuied also, you cannot help

The muscles ofa person receiving electric shock become paralyzed, causing him to freeze
to the hot wire Sometimes the victim is not able ro free himself. Getting him loose may
be accomplished in the following marurer

a. Look for a "live" wire or source ofthe eleclric circuit which is causing shock, but
do not take hold ofthe person with your bare hands.

b Decide immediately whether to move the person or the conductor. Move the
conductor with a dry stich move the person wilh twelve to lifteen thicknesses of
dry newspaper or clothing as an insulator.

c. Have someone call for emergency medical assistance



A,fler the victim is disconnected from lhe circuit, do the following:

a. The e$ect ofelecrric shock may slop lhe hean and breathing.
Begin artificial respiration immediately and continue until the victim
is breathing normally or professional medical assistance is available.

b. Bums on \rarious parts ofthe body offen occur as side effeds: lhese may be
senous ofthemselves- Use approved first aid treatments-

I



Measurement of Electrical Vahles
Using

TEST METERS

The use oftest meters is ar invaluable and essential aid in diagnosing troubles in ad electrical
circuit- If values of voltage, curent and resistance are not measured with suitable test meters,
only a guess cao be made as to what type of defect exists in the circuit.

To effectively determine the relationship between the components ofan electric circuit, one must
understand the mathematical relationship between the voltage, amperage, and resistance ofthe
circuit. Ohm's Law is the relationship between the tkee qualifies ofthe circuit. In addition to
understanding the quantities to be measured, the operation ofthe three meters normally used must
be unde.stood. To become familiar with the use of electrical meters and to understand the
relationship between voltage, current, and resistance, we should study the construction ofthe
multimeter.

Unde.standing the volt - ohm - milliamm€ter (V.O.M mete.):

The mcter is an extremely delicate instrument which may burn out instantly if it is not used
properly. Follow instructions carefully. The indicating mechanism is so delicate it may show a
full scale deflection when a cu.rent as small as l/10,000 ampere (0.I milliamp or 100 microamps)
flows through it

The pointer on the meter is activated by the current flow tkough a small coil. The coil is wound
around a small iron core connected to the pointer. The coil is between the poles ofa permanent
or electromagnetl therefore, as the current increases, a torque is produced which activates the
needle. Small spiral springs restrain the motion ofthe indicator The current flow through the
coil to produce fulI scale deflection is very low, generally being from 0.05 ma to l0 ma.

The meter actually measu.es the flow ofcurrent regardless ofwhat measurement is being taken.
Since both voltage and res;stance are proportional to cunent, it is possible to make voltage and
resistance readings with the meter Various voltage, current, and resistance ranges can be
measured using a selector switch to change the value ofthe resistance in the measufing circuit.

VOLTMETtrRS

To use the meter as a voltmeter, the current through the coil must be limited to safe values. To
accomplish this, voltmeters are constructed with ar internal resistor, in series with the coil, to
Iimit the currelt to a safe value. The voltmeter scale is calibrated accordingly, to indicate the true
voltage.

Tire voltmeter resistance is often printed on the face ofthe meter, and usually is specified in ohms
per volt If the voltmeter resistance is 1,000 ohms per volt, and if the 2o-volt scale on the meter is
being used, the voltmeter intemal resistance is 1,000 ohms/volt x 20 volts = 20,000 ohms.



Voltmeters having a choice ofscales, have a selector knob to insert different resistor values in

series with the moving coil. The selector knob would choose an intemal resistance of10,000
ohms for a l0-volt scale, thus adhering to the 1,000 ohms per volt specification In qeneral. the
higher the ohms per volt rating. the mo

Voltmeters are connected across (in parallel with) the voltage to be measured. Since the
voltmeter has a higb resistance, adding this component to the circuit will change the total circuit
current very little, and the voltage reading obtained indicates the true voltage present without the
meter in the circuit.

H  i ^ h  R 6 q i  q t a n .  o

Fig. l Voltmeter Cornections

OHMMETERS

An ohmrneter may aiso be ofthe moving coil type, and contains a resistor and dry cell battery
connected internally to the moving coil. When the ohmmeter is connected to a resistot the
current flow through the moving coil is directly rclated to the value ofthe resistor, and the
scale is calibrated accordingly to indicate the resistor value in ohms. Ohmneters should never be
connected to an exlernal source ofvoltage, as the meter movenent may be damaged.

l ' ' loving

E

t0



Hlgh

Fig. 2. Ohm Meter Connection

AMMETtrRS

Ammeters may also be ofthe moving coil type, and differ from voltmeters, in that a low resistance
shunt is used internally or exlernally in place ofa high resistance The shunt is coonected in
parallel with the moving coil, and conducis the major part ofthe current being measured, leaving
only a small ponion to 0ow thtrough tbe moving coil. The ammeter scale is calibrated in amperes
to indicate the total circuit cunent, since the pointer deflection is directly proportionallo the total
currenl flow in the circuit.

Since the anuneter has a very low resistance, it must be connected in series in the circuit_ and
never across the voltage source. Ifconnected across the voltage source, such as a battery, the
meter may be instantly damaged Having a very low resistance, connecting the arnmeter in s€ries
does not introduce any appreciable added resistance to the circuit that would alter the true current
flow

WARNING NOTICE

TO MEASURE RESISTANCE, TIItr UNKNOWN RESISTANCE MUST BE REMOVED
FROM THE CIRCUIT.

l l



Low Resistance

Fig. 3. Ammeter Conoection

WARNING NOTICtr

CONNNCTING AN AMMETER ACROSS TEE LOAD WILL RESIJLT IN ITS
DESTRUCTION-

READING THE MULTIMETER

The follo\ring section applies to the Model 260 Volt-ohm-milliammeter manufactured by the
Simpson Electric Company, 853 Dundee Avenue, Elgir\ I inois 60120. You should be able to
find similar i.formation conceming your meter in the opemtors instructions that come with your
meter.

MAKING DC VOLTAGE MEASUREMENT
(Ratrge 0 to 2.5 volts ttlrough 0 to 500 volls)

A. Set the function switch at + DC.

B. Plug the BLACK test lead into the COMMONjack and the RED test lead into the +jack.

C. Set the range switch at one ofthe five voltage range positions marked 2.5V, l0V, 50V, 250V,
or 500V

l'iov i ng

t2



NOTE: When in doubt as to the voltage percent, always use the highest voltage range as a
protection to the instrument. Ifthe voltage range is within a lower ratge, th€ swrtch may
be set for the lower range to obtain a more accurate reading. Be sure the po\{er is off in
the circuit being measured and all capacitors are discharged before movrng range
switch.

D. Connect the Black test iead to the .egative
side ofthe circuit being measured and the
RED test lead to the positive side ofthe
circuit.

E. Tum orl the power in the circuit being
measufed.

F. Read the voltage on the black scalc marked
DC. For the 2.5V range, use the 0-250
figures and djvide by 100. For the lov, 50,
and 250V rangcs read lhc f igurrs direcl ly.
For the 500v.ange, use the 0 - 50 figures
and multiply by 10.

G. DO NOT use the 0 to 1000 volt range
rvithout special high voltage leads and
special training.

Fig. 4. Jacks and switch posilioos for
measudng DC Voltage.

NOTE: Turn offpower to the circuit and wait until the meter indicates zero before
discomecting the test leads



MAKING AC VOLTAGE MEASUFJMENT
(Range 0 to 2.5 volts through 0 to 500 volts)

The Model 260 meter responds to the average value ofan AC wavefonn lt is calibrated in terms
o[ihe rms (rool mean square) value of a pute sine wave

A Set the furctiofl switch at AC.

B. Set the range switch at one ofthe five voltage range positions marked 2.5V, t0V, 250V' or
500V. (When in doubt as to the actual voltage prcsett, always use the highest voltage range
as a protection to the instrument. Ifthe voltage is within the lower tange, the switch may be
set for the lower range to obtain a more accurate reading Make sure the power is OFF when
moving the range switch).

C. Plug the BLACK test lead into the -

COMMON jack and the RED test lead into
rle +jack.

D. Tum offthe power to the citcBit to be
measuaed and discharge any capacitors.

E. Connect the test leads actoss the circuit
voltage to be measured with the black lead
to the Srounded side.

F. For the 2.5V range, read the valuedirectly on
the scaled marked 2 5 VAC. For the 10V,
50V, and 250V ranges, read the red scale
rMrked AC and use the black figures
immediately above the scale. For the 500V
range, read the red scale marked AC and use
the 0 - 50 figures. Multiply the reading by
10.

Fig. 5- Iacks and switch positions for
measuriog AC voltage.



AC VOLTAGE MEASUREMENT O-IOOO VOLT RANGE

WARNING NOTICE

BE EXTREMELY CAREFI'L WEEN WORKING wlTH IIIGH VOLTAGtr CIRCUITS.
DO NOT HANDLE THT INSTRUMENT ORTEST LEADS WHILE TIIE CIRCUIT
BEING MEASI]RED IS ENERGIZED.

OBSER\,'E ALI, SAFETY PRECAUTIONS WEEN WORKING WITH I1IGH
VOLTAGE.

A. Set the function s\{itch to AC.

B. Sel the range switch al 100/1000V posilron

C Plug the BLACK test lead inro the - COMMON jack and the RED test lead intc the 1000V
jack.

D. Be su.e the power is offin the circuit being measured ard that all its capacitors are
discharged. Connect the test leads to the circuit

E. Connect the test leads across the circuit voltage to be measured with the BLACK lead to the
grounded sidq ifany.

F. Turn on the power in the ci.cuit being measured

G. Read the voltage on the red scale marked AC Use the 0-10 figures and rnultiply by 100

MA KING RESISTANCE MEASUREMENTS

WARNING NOTICE

VOLTAGE APPLIED TO A RXSISTANCE RANGE WILL CAUSE READING ERRORS
IF LOW, OR DAMAGE TIIE INSTRUMENT IF TIIGII- WSEN MAKING IN.CIRCIIIT
MEASUREMENTS, ITAKf, CERTAIN TUAT TIIE CIRCUIT IS COMPLNTELY
DEENERGIZED BEFORE MAKING CONNECTIONS TO IT.

t5



WHEN MAKING IN-CIRCUIT MEASIJREMENTS, CIRCUTT PATES IN PARALLEL
WITH THE RESISTANCE BEING MEASURf,D MAY CAUSf, READING ERRORS.
CEECK CIRCUIT DIAGRAMS FOR TEE PRESENCE OF SUCE COMPONENTS
BEFORX ASSUMING TEE READING OBTAINED IS CORRECT.

NOTE: When resistance is measured, the INTERNAL batteries fumish power for the circuit.
Since batteries ate subject to variation in voltage and intemal resistance, the
insttument must be adjusted to zero befoae measuring a resistance, as follows:

A. Tum the range switch to desired ohms range.

B. Plug the BLACK test lead into the - COMMONjack and the RED test lead into the +
jack

C Connect the ends ofthe test leads together to short the VOM resistance circuit-

D Rotate the ZERO OHMS control until the pointer indicates zero ohms If the pointer
cannot be adjusted to zero, one or both ofthe batteries must be replaced

E. Discormect shoried end oftest leads.

MEASURING RESISTANCE

A. Before measuring resistance in the circuit,
make sure the power is off to the crrcuit
being tested and all capacitors are
discharged Disconnectshuntedcomponent
from the circuit before measuring its
resistance

B Set the range switch to one ofthe resistance
range positions as follows.
Use R x I for resistance readings from 0 to
200 ohms
Use R x 100 lbr resistance readings liom
200 to 20,000 ohms
Use R x 10,000 for resistance readings above
20,000 ohms

Set the function switch at either - DC or +
DC position: operation is the same in either
position except ifthere are semiconductors
in the same circuit Adjust the ZERO
OHMS control for each resistance range.

Fig. 6. Jacks and switch positions for
measuing tesistance.

2.

3.

C,

L

16



D Observe the reading on the OHMS scale at the top of the dial . Note: The OHMS scale reads
from right to lefl Jor inc/easing yal es ofresistatrce.

E. To detemine the actual resistance value, multiply the reading by the factor at the switch
positio!. (K on the OI{}{S scale equals one thousand).

MAKING DIRECT CURRENT MEASUREMENTS

WARNING NOTICE

DO NOT CHANGE TEE RANGE SETTING OR TIIE FUNCTION SWITCHES WHILE
CIRCUIT IS ENERGIZED.

NEVER DISCONNECT TIIE TEST LEADS FROM TEE CIRCUIT UNDER
MEASUREMENT WtrILE TIIE CIRCUIT IS ENERGIZED.

ALWAYS CONNECT TIIE INSTRUMf,NT IN SERTES WITH TEf, GROUND SIDE OT
THE CIRCUIT.

IN ALL DIRECT CURRENT MEASUREMENTS, MAKE CERTAIN THE POWER TO
TEB CIRCUIT BEING TESTED HAS BEEN TIIRNED OFF BEFORE CONNECTING
AND DISCONNECTING TIIE TEST LEADS OR RESTOR]NG CIRCUI1
CONTINUITY.

DIRECT CURRENT MEASURIIMENT
(0 - s0pA RANGD)

A Set the function at + DC

B Plug the BLACK test lead inro rhe - COMMON jack and rhe l{ED rest lead inro the +
5 0 p AMP S/25 0V jack

C Set lhe range swilch ar 5OFAMPS (dual posirion wirh 50V)

D. Open the ground side ofthe circuit in which the current is being measured. Connect the
VOM in SERIES with the circuir Connect the RED tesr lead to rhe positive side and rhe
BLACK test lead to the negarive side.

E Read the current on the black DC scale Use the 0 - 50 figures to read directly in
miqoamperes.

1',l



DIRXCT CURRENT MEASUREMENT
(0 - lmA through 0 - 500rnA RANGE)

A. Set the function switch at + DC.

B Plug the BLACK test lead into the -
COMMON jack and the RED test iead
into the + jack.

C. Set the range switch at one ofthe four
range positions marked lmA 1ofl-d
100m,4, or 500n4.

D Open the grounded side ofthe circuir in
which the current is to be measured.
Conneci the VOM in SERIES with the
circuit. Connect the RED test lead to the
positive side and the BLACK tesl lead to
the regative side.

E. Tutu the power on Read the currert in
milliamperes on the biack DC scale. For
the llnA range, use the 0 - l0 figures and
divide by 10 For the 10rnA mngq use
the 0 - l0 figures directly. For the
100mA.alge, use the 0 - l0 figures and
multiply by 10. For the 500mA
range, use the 0 - 50 figures and multiply
by  10 .

F. Turn offthe power and disconnect the
test leads

Fig. 7. Jacks and switch positions for
measuring direct curent.

DIRECT CURRENT MEASUREMENT
(0_T0ARANGE)

A. Plug the BLACK lest lead into the - l0A jack and the RED test lead into the + 10A jack

B Set the range switch at I0 AMPS (dual position with 10mA)

C Oper the ground side of circuit in which the current is being measured Connect the
VOM in SERIES with the circuit. Connect the RED test lead to the positive side and the
BLACK test lead ro the negari\e side

NOTE: The function switch has no effecr on the polarity for the t0 AMPS range
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D Turn the power on- Read the current directly or the black scale- Use the 0 - l0 figures to
read directly in amperes.

E. Tum the power offand disconnect the test leads.

WARNING NOTICE

THE IOA RANGE IS NOT INTDRNALLY FUSED IN TSE MODEL 260 MtrlER

WEEN USING TSE 1OA RANGE, NEI'f,R DISCONNECT A TEST LEAD FROM A
JACK OR FROM TIIE CIRCUIT WHILtr THE CIRCUIT IS ENERGZED. DOING SO
MAY DAMAGE TIIE TEST JACKS OR LEADS AND 1HE ARCING MAY BE
EAZAR.DOUS TO THE OPI]RATOR TURN OFF TEE CIRCUIT POWER AND WAIT
FOR THE METER RMDING TO DROP TO ZERO.
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DETERMINATION OF VOLTAGE DROP IN A CONDUCTOR

The voltage available at the point of actual use (end of an extension cord or branch circuit) is
related to the current flowing through the conductor, the size ofthe conducto., the total lenglh of
the conductor, and the matedal (resistaflce per foot oflength) used to make the conductor The
mathematical relationship is expressed in the following equations:

The voltage drop for copper conductors used in single phase circuits is found by:

ED:22x IxL-CM {Equat ionNo.  1 }

Wtere: ED is the voltage drop in volts
I is the current flow in amperes
L is the total conductor length in feet
CM is the conductor size in circular mills
22 is a constant that includes the corections for units and the value ofthe

resistance of the copper.

The voltage drop for alumiflum conductors used in a single phase circuit is found by:

ED-22 x lx l -x  1 .6  -CM {Equat io rNo.2}

Where: All symbols are as stated above
I 6 is a constant that corrects for the diference between the resistance of

aluminum and copper

Table 1 below, indicates the weight in pounds aod the resistance in ohms per 1000 feet for various
sizes ofcopper and aluminum conductors commonly used in agricultural electrical power
applications The size of conductors used in electrical power applications may be expressed in
either American Wire Gauge (AWG) or Thousands of Circular Mills (MCNo.

A circular miil is an indication ofa wire size that is calculated by squaring the diameter ofthe rvire
measured in thousands of an inch (mill) That is, if a wire were 1/8 inch in diameter its diamete.
would be 125 thousands ofan inch. Therefore, its size in circular mills would be 125 mills
squared or 15625 circnlar mills The abbrevialion for the unit circular mills varies, but is usually
stated as CM.
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Table 1 Conductor Data (for 20'C)

Size
AWG

o t
MCM

Circular
Mlls

Copper Aluminum

Pounds per
1000 feet

Resistance ohms
pe. 1000 feet

Pounds per
1000 feet

Resistance ohms
per 1000 feel

12 6530 19.8 1 .59 6.01 2.5'l

t{J 10380 3 t .43 0 9988 9.556 1.62

8 16510 49.98 0.6281 t5.2 L02

6 26240 '19.44 0.3952 24.15 0 6195

4 4 r740 126.3 0.2485 38.41 4.4021

3 52620 159 .3 0.1971 48 43 0 .3189

1 66360 205 0 .1594 62.3 0.2580

83690 259 0.t264 '78 6 0.2045

0 105600 .126 0.1002 99.1 0 .1622

00 t33100 4 I l 0.01949 125 0.1286

000 167800 518 0.06306 t57 0.1020

0000 211600 653 0 04999 199 0.0809

250 250000 7'/2 0.04232 235 0.06847

300 300000 925 0.03526 282 0.05706

350 350000 1080 0.03022 328 0 04891

400 400000 1236 0.02645 0.04280

500 500000 1542 0.02r rs 469 0.03423

600 600000 1850 0 01764 563 0.02853
'700 700000 2t60 0.01512 657 0.02445
'7 50 750000 2316 0.01411 '104

0.02283

800 800000 2169 0 01322 751 0.02140

900 900000 2780 0.01 i75 845 0.01902

1000 1000000 3086 0.01058 938 0.0t'112
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EXAMPLE ONE

Generally, we would like to maintain voltage drop at less than two to three percent ofline
voltage. Ifthe lino voltage is 120 volts and the allowable voltage drop is two percent, then the
allowable voltage drop is:

Allowable voltage drop (volt) = 120 volts x 0.OZ = 2.4 volt

EXAMPLE TWO

Ifwe have an air compressor which draws 15 amperes at 120 volts, what size conductors are
required for a 25 foot long exlension cord, ifthe voltage drop in the cord is to be less than 2
percenl? Assume copper conduotors-

Rearranging equation I :

CM=22x IxL-ED

CM = 22 x 15 amp x 2 x 25 feet - 2 4 volt

The 2 in the above equation is necessary to account fot tie total conducto. length, 25
feet out and 25 feet back.

cM: 6875 CM

From Table 1, the minimum cord size would be AWGNo. 10 (10380 CI\f.). The smallest
standard size above the minimum.

The required value of 6875 CMis very ciose to the value for AWG No. 12 (6530CM). Ifan
AWG No. 12 conductor were used, thevoltage drop would bo slightly greater than 2 percent.

The actual voltage d.op value could be found using Equation No. L

ED = 22 x I xL - CM

F n =  ) )  
"  l <  a m n  Y  1  Y  t s  l " " r  - 6 5 J 0 c v

ED:2.53 volt

To determine the actual percent voltage drop:

Percent voltage Drop (%) = 2.53 volt - 120 volt x 100

Perceflt Voltage Drop = 2.I perce{t

This is close enough to a 2 percent voltage drop, therefore, we could get by with the AWG No.
12 copper conductor without unnecessary loss ofefficiency ofour air comprcssor
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These calculations require time to make and may lead to calculation errors Tables are available
to deiermine conductor size for design purposes. An example ofsuch a table is shown in Table 2
below.

Table 2 is used to select conductor size based on voltage drop as calculated from Equations I and
2 above. Note: 'fable 2 is only one ofthe thirty one voltage drop tables availabie in the listed
publication. There are tables fo. copper and aluminum conducto.s, tables for 2 percent, 3 pe.cent
and 4 percent voltage drops, as well as tables for 120 volt, 240 volt single phase, 240 volt three-
phase, and 480 volt tkee-phase

Explanation ofTable 2. The far left column is the circuit load in amperes, and the seven columns
to the right ofcolurnn I relaie to the minimum conductor size, its insulation type, and location
(cable, conduit, direct buial , or ov€rhead in air) based on lhe NATIONAL ELECTRIC CODE.
Note: the values for typcs UF and USE are the same for direct burial, cable or conduit Tlre
column values to the right ofthe double vcrtical lines indicate the minimum conductor size for the
ONE-WAY distance indicated at the top ofeach column.

To use the table, find the load in amperes in the far left column, and read horizonhlly to lhe right
ofthe doubie verticallines Find the ONE WAY distance in feet in the upper row numbers (30 to
700)- The number at the ifltersection ofthe row ofthe load in amps and the one-way distance in
feet is the minimum size conductor to select. Be surc to compare the value read at this
intersection with the value in the seven columns directly to the left ofthe vertical double line
Always use the larger ofthe two sizes.

EXAA'PLE fI{ItEE

To use the compressor ofexampie two:

Select 15 amps in column one, move to the first column to the right ofthe double vertical line
(one way distance of30 feet) and read AWG No. 12 This is the same value obtained by tie
calculations Note: ifyou were selecting conductors for a pe[nanent overhead insta]lation
between buildings (outside and exposed to the \reather) the conductors would need to be larger,
(as indicated in columns seven or eight) depending on conditions, to meet the minimum
mechanical slrength as required by the NEC.

EXAMPLE FOL]R

You are asked to select the conductor to serve an 80 amp load on a 120 volt, single phase circuif
that has a one-way distance of50 feet. Tbe voltage drop shoutd be no more than 2 percent and
the conductor used should be a direct buriai underground feeder.

Read down column one to 80 amps, move horizontally to the right to the 50 foot column. Read
AWG No 4. Compare wirh column five from left (Direct Burial LII) which required an AWG
No 3 Therefore, recommend the larger AWG No 3 copper conductor wirh LF insulation.

23



6 j
6 X

n  i 2

*  o o E
<.: i
! = :
.o? --

E =  i

, : N =

E

- '
: l

t t  I
E l  : ; l
6 I  E : J

. t  I
: I I

i i  : : l  > t

:l5il :r
i t l


